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http://dx.doi.org/10.1016/j.pedneo.2Despite the fact that sunlight-dependent skin synthesis is the major mechanism for vitamin D
synthesis in vivo, vitamin D-deficiency rickets continues to occur in exclusively breastfed
infants in Greece. We present such a case in a 5-month-old infant who presented with afebrile
seizures and whose mother was underexposed to sunlight due to veiling for religious reasons.
Additionally, we briefly but thoroughly review the relevant medical literature. A high index of
suspicion is required for nutritional rickets, when seizures occur in exclusively breastfed
infants whose mothers have inadequate exposure to sunlight.
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reserved.1. Introduction
Apart from being the cardinal manifestation of epilepsy,
seizures can be the result of numerous transient conditionsofessor of Pediatrics, Demo-
versity General Hospital of
androupolis-Makris, 68 100
uth.gr (E. Mantadakis).
an Pediatric Association. Publish
012.08.004that cause neuronal excitation, such as fever, electrolyte
disturbances, central nervous system infections such as
meningitis or encephalitis, bleeding, ischemia, or head
trauma.1
One of the electrolyte disturbances that can cause
seizures is hypocalcemia. A stable extracellular ionized
calcium concentration is critical for normal brain cell
function, and it is maintained by a homeostatic system in
which vitamin D and parathyroid hormone (PTH) play
a central role. When hypocalcemia occurs for the first time
in infancy without a previous history of neonatal seizures,ed by Elsevier Taiwan LLC. All rights reserved.
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diagnosis.
2. Case Report
Α 5-month-old infant who is exclusively breastfed and
phenotypically normal and who had been born slightly
premature (36 weeks’ gestation) by normal vaginal delivery
presented in early June in our emergency department due
to two recent episodes of seizures. These episodes lasted
for approximately 5 minutes, occurred after sleep and
during breastfeeding, and were associated with an upward
rotation of the eyes and cyanosis around the lips. Previous
medical history was unremarkable. Family history was
negative for epilepsy. The parents were not related.
Despite the warm weather, the mother was veiled and fully
clothed for religious reasons.
On admission, the infant was postictal and apyrexial;
vital signs were normal. His weight, height, and head
circumference were in the 75th percentile for age. Physical
examination disclosed symmetrical reflexes, a nontense
anterior fontanelle, and no skeletal deformities. A hemo-
gram was normal. Biochemical studies revealed glucose
101 mg/dL, urea 10 mg/dL, creatinine 0.3 mg/dL, albumin
4.8 g/dL, sodium 136 mEq/L, potassium 4.9 mEq/L, calcium
6.6 mg/dL (normal: 8.8e10.6 mg/dL), phosphorus 4.3 mg/
dL (normal: 4.5e6.5 mg/dL), magnesium 1.8 mg/dL, and C-
reactive protein 0.72 mg/dL. Serum alkaline phosphatase
was 1079 U/L (normal: 115e460 U/L). The ionized calcium
in arterial blood was 3.2 mg/dL (normal: 4.4e6 mg/dL).
Urinalysis was normal.
An intravenous infusion of calcium gluconate 5%
(0.225 mEq Ca2þ/mL) was started at approximately
500 mg/kg/day. Knee radiographs were obtained and were
indicative of nutritional rickets (Figure 1). The diagnosis
of hypocalcemic seizures as a result of vitamin D
deficiency was confirmed by measurement of serum
25-hydroxyvitamin D [25-OH-D] (7.9 ng/mL, normal:
20 ng/mL) and 1,25-dihydroxyvitamin D [1,25-OH2-D]
(7.2 pg/mL, normal: 20-60 pg/mL). Serum PTH [intactFigure 1 Radiograph of both knees. Note irregularity of the
metaphyses, increased width of the epiphyseal plates, and
absence of provisional calcification.molecule, intact PTH immunoradiometric assay (IRMA)] was
elevated at 245 pg/mL (normal: 15e65 pg/mL). On the
third hospital day, the infant was switched to oral calcium
and vitamin D supplementation. On the same day, calcium
excretion in a random urine sample was low (<0.2 mg per
mg of creatinine) despite the calcium administration. After
initiation of therapy, the serum calcium level was almost
normalized (8.3 mg/dL) on the eighth hospital day and the
serum inorganic phosphorus was normalized (5.1 mg/dL) on
the sixth hospital day. The seizures did not recur
throughout the period of hospitalization, and the infant was
discharged home with instructions for increased exposure
to sunlight and oral Natecal D3 tablets (ITF Hellas S.A,
Athens, Greece) (1500 mg calcium carbonate, equivalent to
600 mg calcium and 400 IU cholecalciferol per tablet), half
a tablet dissolved in expressed breast milk twice a day.
Recovery was associated with a gradual decline in the
serum alkaline phosphatase and PTH levels, which were
283 U/L and 11.9 pg/mL, respectively, 2 months after
initiation of therapy. Treatment was discontinued after
1 month, when urinary calcium excretion reappeared, as
this is an indication of calcium replenishment. The infant is
currently well, 7 months after diagnosis.3. Discussion
Hypocalcemic rickets is a condition in which intestinal
absorption of calcium cannot meet the calcium demands of
the body. The most common cause is dietary deficiency of
vitamin D and/or calcium. Patients with hypocalcemic
rickets have secondary hyperparathyroidism and skeletal
alterations. In the active stage, there is coarse deminer-
alization of the bones (osteomalacia), loss of cortical
distinction, cupping, fraying and irregularity of the meta-
physeal regions, loss of definition of the epiphyses,
widening of the epiphyseal-metaphyseal junctions
(physes), and in severe cases, pathologic fractures.2
Sunlight-dependent cutaneous synthesis is the major
mechanism for absorption of vitamin D in humans. More
specifically, previtamin D3 is nonenzymatically synthesized
in the skin from 7-dehydrocholesterol during exposure to
ultraviolet light. A temperature-dependent rearrangement
occurs to form cholecalciferol (vitamin D3). Vitamin D3
undergoes hepatic hydroxylation to 25-OH-D, its major
circulating form with a half-life of 2 to 3 weeks, and then in
the kidney to 1,25-OH2-D, the active form of the vitamin
with a half-life of only a few hours. 1,25-OH2-D binds to the
intracellular vitamin D receptor and stimulates target
genes.3 Fifteen minutes of exposure to sunlight in the
middle of the day is sufficient for adequate vitamin D
synthesis in light-skinned persons. Winter season, residence
in higher latitudes, and darker skin pigmentation are
factors that reduce the cutaneous production of vitamin D.4
In 2008, the American Academy of Pediatrics revised its
guidelines for vitamin D intake.5 It is now recommended
that all infants and children, including adolescents, have
a minimum daily intake of 400 IU of vitamin D instead of
200 IU, the previously recommended minimum daily intake,
beginning soon after birth.
Vitamin D deficiency continues to be a problem in
developed countries, even those with increased periods of
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that occurs among dark-skinned immigrants, with additional
risk factors including exclusive breastfeeding (as in our
patient), residence in high latitudes, no vitamin D prophy-
laxis among the youngest children, and veiling among
teenagers. A steady increase in the incidence of rickets in
Australia has been seen, with a doubling of cases between
the years 2002 and 2003. Almost all affected children were
recent immigrants or were first-generation offspring of
immigrant parents of Indian, African, and Middle Eastern
origin.6 In a study of 43 children in Connecticut in whom
nutritional rickets was diagnosed, the mean age at presen-
tation was 20 months and more than 93% of the children had
been breastfed. Thirty-seven children with available food
histories were weaned to diets with minimal dairy
consumption after nursing.7 Low dietary calcium intake
after weaning from breast milk may result in the develop-
ment of nutritional rickets, and attention to calcium intake,
particularly in tropical countries, is important in the
prevention of rickets.8 Beck-Nielsen et al9 reviewed all
medical records of children younger than 15 years with
nutritional rickets managed in southern Denmark hospitals
over a 20-year period. Among 112 patients with nutritional
rickets, approximately 74% were immigrants. In early
childhood, insufficient or no vitamin D supplementation was
given in 88% of all cases. Among immigrant girls older than
4 years, 78% were veiled. Lawson and Thomas10 carried out
a 2-year survey of infant feeding practices of mothers of
Asian origin living in England. Blood samples for analysis of
25-OH-D concentrations were obtained during autumn from
618 children age 2 years. Between 20e34% of children of
Asian origin had values of vitamin D <10 ng/mL, and 13e18%
had values <8 ng/mL, indicative of vitamin D deficiency.
The respective percentages in the national British survey
were only 1% and 0%. In Canada, 2325 pediatricians who
were surveyed monthly over a 2-year period reported 104
cases of rickets for an overall annual incidence of 2.9 cases
per 100,000.11 The highest rates were seen among children
residing in the north of Canada. Mean age at diagnosis was
1.4 years and 20 children presented with hypocalcemic
seizures. Eighty-nine percent of the children had interme-
diate or darker skin, and 94% had been breastfed without
vitamin D supplementation.11
Nursing infant circulating 25-OH-D concentrations reflect
maternal intake and the amount contained in breast milk.
With limited sunlight exposure of the mother, an intake of
400 IU per day of vitamin D cannot sustain circulating
25-OH-D concentrations and supplies only limited amounts
of vitamin D to nursing infants.12 Dawodu et al13 showed
that vitamin D deficiency was identified in 92% of rachitic
Arab children and 97% of their mothers compared with 22%
of nonrachitic children and 52% of their mothers. Unfortu-
nately, due to maternal lack of medical insurance, the bone
profile of the mother of our patient was not determined.
Exclusively breastfed infants of mothers who avoid
sunlight, like the mother of the infant in our study who was
veiled and fully covered, are likely to develop vitamin
D-deficiency rickets if no provisions are made for adequate
supplementation of vitamin D soon after birth. Hatun et al14
analyzed the characteristics of infants in whom vitamin Ddeficiency was diagnosed in Turkey, where lactating women
are frequently veiled for religious reasons. There were
a total of 42 infants in whom vitamin D deficiency was
diagnosed in the first 3 months of life; most (78.7%) pre-
sented with seizures and 83% were exclusively breastfed
without supplemental vitamin D. No skeletal deformities
were detected clinically, whereas radiologic findings were
subtle.
In conclusion, nutritional rickets should be suspected
when seizures occur in exclusively breastfed infants whose
mothers have inadequate exposure to sunlight. Exclusively
breastfed infants of mothers with inadequate exposure to
sunlight are at high risk for nutritional rickets and should
start vitamin D supplementation soon after birth.References
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